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AERONAUTICAL  SYMBOLS 

1.  FUNDAMENTAL  AND  DERIVED  UNITS 


Symbol 

Metric 

English 

Unit 

Symbol 

Unit 

Symbol 

1 

meter _ 

m 

foot  (or  mile) _ 

ft.  (or  mi.) 

t 

second _  .  _ _ _ 

sec 

second  (or  hour) _ 

sec.  (or  hr.) 

Force. _ 

F 

weight  of  one  kilogram _ 

kg 

weight  of  one  pound 

lb. 

P 

HP. 

Speed.  .  .. 

fkm/far _ _ 

mi. /hr _ _ 

M.  P.  H. 

f.  p.  8. 

2.  GENERAL  SYMBOLS,  ETC. 


W,  Weight,  =  m^ 

g,  Standard  acceleration  of  gravity  =  9.80665 
m/sec.^  =  32.1740  ft. /sec.’ 

TnP, 

Moment  of  inertia  (indicate  axis  of  the 
radius  of  gyration,  lc,  by  proper  sub¬ 
script)  . 

W 

s, 

Area. 

m,  Mass,= — 

9 

S,y, 

Wing  area,  etc. 

p,  Density  (mass  per  unit  volume). 

G, 

Gap. 

Standard  density  of  dry  air,  0.12497  (kg-m“‘ 

Span. 

sec.*)  at  15°  C  and  760  mm =0.002378  Gb.- 

c, 

Chord  length. 

ft.“^  sec.*). 

ble, 

Aspect  ratio. 

Specific  weight  of  “standard”  air,  1.2255 

L 

Distance  from  c.  g.  to  elevator  hinge. 

kg/m*  =0.07651  Ib./ft.* 

M, 

Coefficient  of  viscosity. 

3.  AERODYNAMICAL  SYMBOLS 


V,  True  air  speed. 

q,  Dynamic  (or  impact)  pressure  =  ^ 

L,  Lift,  absolute  coefficient 

D,  Drag,  absolute  coefficient 

O,  Cross  -  wind  force,  absolute  coefficient 

R,  Resultant  force.  (Note  that  these  coeffi¬ 
cients  are  twice  as  large  as  the  old  co¬ 
efficients  Lc,  Dc.) 

iy,  Angle  of  setting  of  wings  (relative  to  thrust 
line). 

it,  Anglo  of  stabilizer  setting  with  reference  to 
thrust  line. 


7,  Ddiedral  angle. 

VJ  Reynolds  Number,  where  f  is  a  linear 
^  y.  ’  dimension. 

e.  g.,  for  a  model  airfoil  3  in.  chord,  100 
mi. /hr.  normal  pressure,  0°  C:  255,000 
and  at  15°  C.,  230,000; 
or  for  a  model  of  10  cm  chord  40  m/sec, 
corresponding  numbers  are  299,000 
and  270,000. 

Cp,  Center  of  pressure  coefficient  (ratio  of 
distance  of  C.  P.  from  leading  edge  to 
chord  length). 

/3,  Angle  of  stabilizer  setting  with  reference 
to  lower  wing,  =  {it  —  iy,). 
a,  Angle  of  attack, 

e,  Angle  of  down  wash.  ' 
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CONTINUATION  OF  REPORTS  NOS.  9S.  124,  182,  244,  AND  286 
By  N.ational  .\dvisory  Committee  for  Aeronautics 


INTRODUCTION 

This  collection  of  data  on  airfoils  has  been  made  from  the  published  reports  of  a  number  of 
the  leading  aerodynamic  laboratories  of  this  country  and  Europe.*  The  information  which  was 
originally  expressed  according  to  the  different  customs  of  the  several  laboratories  is  here  presented 
in  a  uniform  series  of  charts  and  tables  suitable  for  the  use  of  designing  engineers  and  for 
purposes  of  general  reference. 

It  is  a  well-known  fact  that  the  results  obtained  in  different  laboratories,  because  of  their 
individual  methods  of  testing,  are  not  strictly  comparable  even  if  proper  scale  corrections  for 
size  of  model  and  speed  of  test  are  supplied.  It  is,  therefore,  unwise  to  compare  too  closely 
the  coefficients  of  two  wing  sections  tested  in  diflferent  laboratories.  Tests  of  different  wing 
sections  from  the  same  source,  however,  may  be  relied  on  to  give  true  relative  values. 

The  absolute  system  of  coefficients  has  been  used,  since  it  is  thought  by  the  National 
Advisory  Committee  for  Aeronautics  that  this  system  is  the  one  most  suited  for  international 
use  and  yet  it  is  one  from  which  a  desired  transformation  can  be  easily  made.  For  this  purpose 
a  set  of  transformation  constants  is  given. 

Each  airfoil  section  is  given  a  reference  number,  and  the  test  data  are  presented  in  the  form 
of  curves  from  which  the  coefficients  can  be  read  with  sufficient  accuracy  for  designing  purposes. 
The  dimensions  of  the  profile  of  each  section  are  given  at  various  stations  along  the  chord  in 
per  cent  of  the  chord  length,  the  latter  also  serving  as  the  datum  line.  The  shape  of  the  section 
is  also  shown  with  reasonable  accuracy  in  order  to  enable  one  to  more  clearly  visualize  the 
section  under  consideration,  the  outside  of  the  heavy  line  representing  the  profile. 

The  authority  for  the  results  here  presented  is  given  as  the  name  of  the  laboratory  at  which 
the  experiments  were  conducted,  as  explained  under  abbreviations,  with  the  size  of  model, 
wind  velocity,  and  year  of  test. 

TRANSFORMATION  CONSTANTS 

For  the  convenience  of  those  who  prefer  to  use  a  system  of  units  other  than  the  absolute 
system,  there  is  given  below  a  table  of  transformation  constants  based  on  the  standard  condition 
adopted  by  the  National  Advisory  Committee  for  Aeronautics  of — 

Temperature  =  15°  C  =59°  F. 

Pressure  =760  mm  Hg  =29.92  in.  Hg. 

Humidity  =  0 

Gravity  =9.80665  m/s^  =  32.1740  ft. /sec. ^ 
thus  giving  vcliies  of  specific  weight  of  air 

F=  1.2255  kg/m' =  0.07651  Ib./cu.  ft. 


A  previous  collection  of  airfoil  sections  numbered  1  toT-IOand  Charts  1  to  20  may  be  found  in  N.  A.  C.  A.  Reports  Nos.  \*:i,  124,  1S2.  244,  ami  28fi. 
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and  of  density 

p  =  0.12497  kg-m  — in  the  French  engineering  or  kilogram,  meter,  second  system. 

Or 

p  =  0.002378  Ib.-ft.  — ^sec.^  in  the  English  or  pound,  foot,  second  system. 

In  absolute  units _ P=  CV^pl2 

In  kg/m®  (m/s) _ P  =  .0625  PF® 

In  kg/m®  (km/h) _ _ P=. 004822  PF® 

In  Ib./sq.  ft.  (ft./sec.) _  P=. 001189  OF® 

In  Ib./sq.  ft.  (mi. /hr.) _ P=. 002558  PF® 

(Note  that  these  constants  are  half  as  large  as  those  used  in  Reports  Nos.  93  and  124  and 
that  the  absolute  coefficients  used  in  this  report  are  twice  as  large  as  the  old  coefficients.  See 
Report  No.  240  regarding  change  in  absolute  coefficients.) 

INDEX 

Four  separate  types  of  indexes  are  given — chart  indexes  which  make  it  possible  for  a  de¬ 
signer  to  select  the  wing  section  most  suitable  for  the  particular  design  in  which  he  is  interested ; 
a  group  index  which  is  arranged  by  countries  and  laboratories  at  which  tests  were  conducted, 
each  section  also  being  designated  by  a  reference  number;  an  index  of  abbreviations,  used  on 
the  characteristic  sheets,  to  indicate  the  laboratories  at  which  the  tests  were  made;  and  an 
alphabetical  index. 

chart  index 

In  order  that  the  designer  may  easily  pick  out  a  wing  section  which  is  suited  to  the  type  of 
airplane  on  which  he  is  working,  four  index  charts  are  given  which  classify  the  wings  according 
to  their  aerodynamic  and  structural  properties.  In  the  charts  of  this  report  a  lower-case  letter 
is  placed  adjacent  to  the  reference  number  giving  VI  values,  so  that  a  comparison  can  be  made 
without  referring  to  the  individual  drawings.  In  this  value  F  represents  the  wind  velocity  in 
feet  per  second  and  I  a  linear  dimension,  the  chord  length  in  feet. 

In  chart  No.  21  the  minimum  drag  Co  ,  is  plotted  against  the  LjD  at  one-fourth  the  maximum 
lift  Pp.  This  chart  should  be  used  in  choosing  a  wing  section  for  a  high-speed  airplane,  the  wing 
sections  being  more  suited  for  this  use  the  farther  they  are  from  the  lower  left-hand  comer. 

In  chart  No.  22  the  mean  spar  depth  is  plotted  against  the  maximum  lift  Pp,  in  order  to 
show  the  possible  strength  and  lightness  of  the  wing  structure.  The  higher  the  maximum  lift 
coefficient  is,  the  smaller  will  be  the  wing  area  and  the  lighter  the  structural  weight,  and  in 
the  same  way  the  greater  the  depth  of  the  spars  the  lighter  will  be  their  weight,  so  that  the 
sections  the  greatest  distance  from  the  lower  left-hand  corner  will  give  the  lightest  and  strongest 
wings.  The  “mean  spar  depth”  is  obtained  by  assuming  the  spars  to  be  located,  respectively, 
at  15  and  60  per  cent  of  the  chord,  and  by  dividing  the  sum  of  their  thicknesses,  in  per  cent  of 
chord  length  at  these  points,  by  2. 

In  chart  No.  23  the  maximum  LfD  is  plotted  against  the  maximum  lift  Pp,  which  is  of  use 
in  choosing  the  wing  section  for  a  slow  and  efficient  airplane.  In  the  same  way  as  before  the 
sections  farthest  from  the  lower  left-hand  corner  are  the  best  for  this  purpose. 

In  chart  No.  24  the  LjD  at  two-thirds  the  maximum  lift  Pp,  is  plotted  against  the  maxi¬ 
mum  lift  Pp.  This  chart  can  be  used  for  choosing  a  section  that  will  give  an  efficient  climb 
or  a  long  range  at  cruising  speed.  The  best  sections  for  this  purpose  will  be  farthest  from  the 
lower  left-hand  corner  of  the  chart. 
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INDEX  OF  ABBREVIATIONS 


Name  o(  laboratory  at  which  tests  were  made  j  °° 


Langley  Memorial  Aeronautical  Laboratory  of  the  National  Advisory  Committee  for  I  L.  M.  A.  L. 


Aeronautics,  U.  S.  A.  | 

Washington  Navy  Yard,  U.  S.  A _ _ _ _ _ _ i  W.  N.  Y. 

Engineering  Division,  McCook  Field,  U.  S.  A-- _ _ _ _ _ _ McC.  F. 

Ergebnisse  der  Aerodynamischen  Versuchsanstalt  zu  Gottingen,  Germany . . .  Gottingen. 

Service  Technique  de  l’A4ronautique,  France _ _  S.  T.  A&. 

Laboratoire  Aerotechnique  de  Rhode  St.  Genese-Bruxelles,  Belgium _  Rhode  St.  Genese. 

Institute  Sperimentale  Aeronautico,  Italy _ _  I.  S.  A. 


GROUP  INDEX 


Airfoil 

1  Wind  tunnel  where 
!  tested 

_ 

_ _  - 

_  _ 

. -  ---- 

I’NITKI)  STATES 


r. 

S.  X.  P.  8.  1 _ 

-  J  L.  M.  A.  L. 

r. 

S.  X.  P.  S.  2 _ 

.  -  ■ _ do__ . 

V. 

S.  X.  P.  8.  3 _ 

_  .  -  _ _ do.. 

r. 

8.  X.  P.  8.  4 _ 

. .  .do- . 

r. 

8.  X.  P.  8.  5 

_ do  . . 

r. 

8.  X.  P.  8.  6. 

...  _.do. .  - . 

Martin  M  I  _  ^ 

\V.  X.  Y_ 

Martin  M-II  _  .  - 

-  _ do _ 

Martin  M-III. . . 

; _ do__  . 

R- 

-3  (.Root  section)  _ . 

1  McC.  F. 

r. 

8.  A.  45M _ 

...1 . do.. 

GEHMANY 


Gottingen  359_,.  _ 

Gottingen  361 _ 

Gottingen  362 _  _ 

Gottingen  368 . . 

Gottingen  369 .  . . 

(iiiitingen  371 . . . 

Gottingen _ 

. do .  . . 

._do . . 

_ _ do . -  .  . 

. do . . . 

_ .  .do _ _ _ 

Gottingen  372.. .  _ _ 

_ do. ....... 

Giittingen  373 _ _ _ _  . . 

.  .  _  do . 

Gottingen  374 . .  . 

.do 

Gottingen  375.. .  . _ _ 

. do.  . 

Gottingen  377 _ 

_ do _ _ _ 

Gottingen  392 . . 

_ do . 

Gottingen  397 . . 

. do . . 

Giittingen  399 .  . . 

_ do . . . 

Giittingen  401 . . 

_ do . . . 

Giittingen  402..  ...  _  . 

. .  .  .do . . . 

GoCingen  403 . 

_ do.  . 

Giittingen  408 _ _ 

_ do .  . 

Giittingen  417 . . . 

_ do.. 

Giittingen  428 .  . . . 

Giittingen  437 _ 

- . _  do _  .  ... 

_ do.  . 

Gottingen  438  _ . . .  . 

_ do _  - 

Giittingen  439 _ _  . 

.do _ 

Gottingen  442 _ _ _ 

_ _ do.  . 

Giittingen  443.. 

_ do. .  ... 

Giittingen  444. . .  _ 

.  _  -do _ -  .  _ 

Giittingen  445 _ 

_ do _ _ 

FRANCE 

Kiflel  359  (Xienport  Astra). 

S.  T.  Ac.  Lab _ 

Kiflel  386  '8.  T.  Ac.)..  . 

.  _ do _ 

Kiflel  387  (8.  T.  A6.).. 

-  .do _  . 

Kitlel  402  (Pescara) _ 

.do. . 

Kiflel  429  (Lacha.ssagnc) . . . 

_do _ 

Kiflel  432  (Lachassagne)... 

_ do _ 

Kiffel  433a  (Chalainbel) . 

-  .  .do _  . 

Kiflel  438  (  Lacha-ssagne) . 

_ do.  _ 

St.  Gvr  152  (Rover) _ 

-  .do-- 

8t.  Gvr  153  (Hover)..  . 

-  -do.. 

8t.  Cvr  156  (Rover)  _ _ 

_ do.. 

8t.  Cyr  157  (Rover) 

_  ..do.  _ 

Keport 

reference 

Airfoil 

Wind  tunnel  where 

niiinl>er 

FK.vNCE — continued 

760 

St.  Cvr  162  (Rover) _ 

S.  T.  A6.  Lab... 

761 

St.  Cvr  170  (Rover) _ 

_ do _ 

762 

St.  Cvr  174  (Rover) _ . 

_ do _ 

763 

St,  Cvr  233  (Bartel  37-Ib) . 

_ do. . . . 

764 

St.  Cvr  235  (Bartel  37~Ie) 

do.  .  . 

705 

St.  Cvr  237  (Bartel  15-Ic). 

...  -do _ ... 

766 

St.  Cvr  239  (Bartel  37~IIa) . 

_ do.  _ 

71>7 

St.  Cvr240  (Bartel  37-IIb). 

-  -  do.  . . . 

V(uS 

St.  Cvr  242  (Bartel  57-IIc). 

_ -do. _ ... 

769 

St.  Cvr  243  (Bartel  37-IIIc) 

_ do. . .  ...  - 

770 

BEEGIUM 

Rhode  St.  Genese  1 _ 

Rhode  St.  Genese 

771 

Rhode  St.  Genese  2 . . 

_ do _ 

772 

Rhode  St.  Genese  16 . 

_ _ do _ 

773 

Rhode  St.  Genese  17 _ 

. ..do _ _ 

774 

Rhode  St.  Genese  19 _ _ 

_ do. . . 

i  /o 

Rhode  St.  Genese  26 _ 

_ _ do . . 

770 

Rhode  St.  Genese  29 _ 

.  .do. . .  _ _ _  . 

777 

Rhorle  St.  Genese  31 ..... . 

. do _  _ 

778 

Rhode  St.  Genese  33... 

_ do  ....... 

779 

Rhode  St.  Genese  35 _ 

_ do _ 

780 

Rhode  St.  Genese  37. ...... 

_ do _ 

781 

7S2 

ITALY 

783 

784 

I.  S.  A.  334. . .  . 

I.  S.  A _  . 

785 

1.  S.  A.  390 _ 

_ do. . . . 

786 

1.  S.  A.  472  .  . 

. do  .  ... 

787 

I.  S.  A.  .500 . . 

_ do _ _ _ 

788 

I.  S.  A.  .501 _ _ _ _ 

-  -  .  -  -  do _ _ 

789 

I.  S.  A.  502 _ 

_ do..  _ 

790 

I.  S.  A.  507. _ _ _ _ 

-do.  _  . 

791 

I.  S.  A.  605.. . . 

_ do _ _ 

792 

I.  S.  A.  663.  ..  _ 

_  do . -  - 

793 

I.  S.  A.  ()93. .  _ 

-  _do _ - 

794 

I.  S.  A.  695. 

_ do..  _ 

795 

I.  S.  A.  7f>S. .  .  .  . 

.  .do..  - 

796 

I.  S.  A.  7Tr>  . 

.  .do. .  - 

797 

I.  S.  A.  801  _ 

_ do. 

I.  S.  A.  803 . - 

.  .  .  -do. .  . 

I.  S.  A.  804 .  . 

.  .do. 

I.  S.  A.  805..  _  _ 

_ do.. 

798 

I.  S.  A.  806  _ _ 

_ do.  . 

79!t 

I.  S.  A.  ,807  _ . _ 

.  -do...  . 

800 

I.  S.  A.  809. .  .... 

...  do. ...  _ _ 

801 

1.  S.  A.  812..  . _ 

.  .do _ 

802 

I.  S.  A.  820.  ..  .. 

.do... . - 

803 

I.  S.  A.  821..  .  _  . 

...  .do...  _ 

.804 

I.  S.  A.  829... 

...do _ 

805 

'  I.  S.  A.  8.58...  . 

.do.  . . 
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Drag  Coefficient  (Absolute).  Cq  Drag  Coefficient  (Absolute). 
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N&ne  of  ooctloa:  Oottlngon  445 
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Wind  velocity:  96.4  ft. /tec. 

Vbere  tebted;  O&ttlngea  IMLte:19l9 


I  Size  of  model:  35.43"  x  5.91" 

’'•loclty:  91.86  ft. /eeo. 
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!  name  of  eectlon:  Eiffel  389  (S.T.A4.) 

1  i  sue  of  model;  34.02"  x  5.669" 

.  1-2  *lnd  velocity:  91.86  ft./eec. 

j  j  fbere  teated:  S.T.A4.  Lab.  Date;  1921 
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Angle  of  Attack  In  Degrees. 
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Perctnt  of  Chord 


Nase  of  aection: 

I.  3. 

A.  334 

Size  of  modol : 
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"  X  5.249- 

■Vnd  Tclocl ty : 

49.2  ft.  /mo. 

Where  tested;  I 

.  3.  A. 

Date: 191? 
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_ 1  _  ! _ _ I _ i. _ 1  of  section:  1.  8.  A.  390 

I  ;  I  I  I  51ze  of  model:  4?. 344*  x  7.8?4* 

..1_  i. - -  — - - 2  *ina  yelocltjr:  49.31  ft./eec. 

I  i  I  I  ^  tfhero  teated;  I.  g.  a.  D^to;  1917 
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Angle  of  Attack  in  Degrees. 
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Sind  velocity: 

49.38  ft. /sec. 

Where  tested:  l. 

S.  A.  Dete: 1917 
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Nado  of  flection; I.  6.  A.  600 
Size  of  model:  38.346*  z  4.734* 

»ind  velocity:  98.4  ft./eec. 

•here  teated:  I.  0,  A.  Date:  1917 
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Site  of  Bodel: 

83.68"  X 

3.93?" 

Wind  velooity: 

68.6  ft. 

^eeo. 

Where  tooted: 

I.  8.  A. 

Pate:  1831 
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laae  of  Motion:  1.  8.  A.  661o 
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find  Tclooity:  68.6  ft./nac, 

Acre  uatcd:  1.  8.  A.  Date:  1981 
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lane  of  Motion:  I.  8.  A.  811 
Site  of  Bodel:  86.346*  x  4.784" 

tlnd  Ttloolty:  68.6  ft.^eee. 

Where  teeud:  1.  8.  A.  Date:  1983 
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Positive  directions  of  axes  and  angles  (forces  and  moments)  are  shown  by  arrows 


Moment  about  axis 


Velocities 


Force 
(parallel 
q  to  axis) 
Designation  symbol 


Longitudinal...  X 

LaWal _  Y 

Normal _  Z 


Linear 

Positive  Designs-  Sym-  (compo- 

direction  tion  bol  nent  along 

axis) 


Absolute  coefficients  of  moment 

ri  _  ^  -■  ^  p  ^ 

qbS^‘^~qcS^''~qfS 


Angle  of  set  of  control  surface  (relative  to  neu¬ 
tral  position) ,  5.  (Indicate  surface  by  proper 
subscript.) 


4.  PROPELLER  SYMBOLS 


Z>, 

Diameter. 

T,  Thrust. 

Effective  pitch 

Q,  Torque. 

Pai 

Mean  geometric  pitch. 

P,  Power. 

Pi, 

Standard  pitch. 

(If  “coefficients”  are  introduced 

Pvt 

Zero  thrust. 

units  used  must  be  consistent.) 

Pv, 

Zero  torque. 

n,  Efficiency  =  T  VIP. 

vjD,  Pitch  ratio. 

n,  Kerolutions  per  sec.,  r.  p.  s. 

V', 

Inflow  velocity. 

N,  Ke volutions  per  minute.,  R.  P.  M. 

Slip  stream  velocity. 

$,  Effective  helix  angle  =  tan"‘ 

5.  NUMERICAL  RELATIONS 


1  HP  =  76.04  kg/m/sec.  =  550  Ib./ft./sec.  1  lb.  =  0.4535924277  kg. 

1  kg/m/sec.  =0.01315  HP.  1  kg  =  2. 2046224  lb. 

1  mi./hr.  =  0.44704  m/sec.  1  mi.  =  1609.35  m  =  5280  ft. 

1  m/sec.  =2.23693  mi./hr.  1  m  =  3.2808333  '‘t. 


